Introduction
The orthorhombic superconducting oxide YBajCu.O^.3 < x <7) (1) is usually heavily twinned. The twin boundaries are likely to influence the intra-grain critical superconducting current density attainable. The twinned microstructure arises from a tetragonal-toorthorhombic structural symmetry transition due to vacancy order ing. It occurs during cooling and during an increase in oxygen con tent. In this paper we summarize and analyse the relevant observa tions and suggest a path of the microstructural transition.
Phase equilibria
The equilibrium oxygen content of YBa 2 Cu 3 0 a (6 < x < 7) depends on temperature and oxygen partial pressure p(0 2 ) . By using thermogravimetry, iodometry or reduction combined with weight measure ment, [ this range. However, the evidence is not conclusive when taking the scatter of the data into account. -Tetragonal YBa 2 Cu 3 0 x orders antiferromagnetically at low temperatures. The N6el tempera ture T H according to [20] is included in Fig. la .
With all the above mentioned data the tentative pseudo-binary phase diagramme for YBa^CUjOj (6 < x < 7) in Fig. la contains the most likely phase relations and critical temperatures to our know ledge. Below x = 6 and above x -7 YBa 2 Cu 3 0 x tends to decompose or form precipitates [21, 22] . The quasi-ternary BaO-Y 2 0 3 -CuO phase diagramme has been studied by [23] . At high temperatures the "green" phase Y 2 BaCuO s , BaCu0 2 , CuO and the melt occur in equili brium with YBa2CU3Ox.
Structures and Microstructures.
Basically YBa 2 Cu 3 0 x has a crystal structure derived from three cubic unit cells of perovskite (ABO s ) stacked along the c-axis. a and b of YBa 2 Cu 3 0 x plotted against the temperature of quenching after heating in different atmospheres [5] .
variable concentration occur in the basal plane, i.e. Cu(l)(CuO) layers between the Ba layers, such that 6 < x < 7. The Cu(2)(Cu0 2 ) layers adjacent to the Y atoms show a "dimpled" form. By neutron powder diffraction experiments [9, 10] it was shown that in the low temperature phase the oxygen vacancies in the Cu(l)layers are ordered and located in j00 sites. Thus, Cu-0 chains are remaining along the b axis. This leads to an orthorhombic structure of Pmmra space group with parameters a o -0. 3823 nm, b 0= 0.3886 nm, c 0= 1.1681 nm [27] , actually shown in Fig. 2 . At high temperatures, i.e. at T>T 0 , the structural vacancies are disordered and distributed randomly on the ¡00 and OjO sites. This leads to a tetragonal symmetry of space group P4/mmm. Fig. 3 gives the results of neutron diffraction work showing the variation of the lattice parameters a 0 , b 0 and a t with temperature and oxygen partial pressure. It should be noted that x is determined by T and P(0 2 ) such that the oxygen concentration in the basal plane x b may vary in the range 0 < x£ < 1.
TEH investigations are showing streaks and ¿00 superlattice reflections in the diffraction patterns. They indicate further variants of vacancy ordering in the Cu(l) layers of oxygen deficient material [28, 29] . The observed doubling of the a 0 axis was interpreted as being due to the formation of Cu-0 chains on every other (100) plane only. This structure was proposed to occur as a phase near x -6.5 called O-II [30, 31] . It may account for the plateau in T c (x) near 60 K mentioned above. Still further structural variants due to oxygen ordering have been invoked from the observation of superlattice reflections and theoretical considerations [32] . But they are not immediately relevant to this paper because the present state of investigation does not permit to take these refinements into account. final value of b o /a 0 ~ 1.018 may be relieved by twinning. This is a common secondary microstructural change when ordering transfor mations involve a change in crystal symmetry (37, 38) . To this end fluctuations in domain size and configuration will lead to regions of maximum local stress concentration which act as nucleation sites for stress relaxation twins. These may form from two adja cent domains which undergo a rotation such that their common {110} composition plane becomes a {110} (or a (110)) twin plane as shown schematically in Fig.lb . The twinning shear S is derived experimentally from the observed orientation difference as s=tg(y/2)-0.014. Based on an average twin thickness of D«100 nm the macroscopic shear is S=1.4 nm accordingly which corresponds to 2.5|<110>|. This means that reversal of the twinning shear direction is caused by displacements equivalent to about 2.5 basal plane diagonals only. Such a small displacement indicates a small nucleation energy for reversal of the a 0 and b 0 axes by vacancy re-ordering i.e. an extreme sensitivity of directional diffusion to local stress.
An indirect but very conclusive proof of the two-stage microstruc tural transition has been found by thermal analysis: on cooling YBa 2 Cu 5 O x powders a small exothermic peak is occurring reproducibly at temperatures slightly below T 0 . Two examples are shown in Fig. 7 . This peak can be attributed to recalescence due to the release of the stored strain energy of the coherency strains associated with the domain structure formed initially. This heat Due to the short jump distance for vacancies between the joo and ojo sites and the correspondingly low nucleation energy of reverse twin formation two conclusions may be drawn: (i) minimal internal shear stresses suffice to induce directional vacancy ordering in orthorhombic YBa2Cu30x such that strain relief twins occur and are re-arranged to minimize the strain; therefore, (ii) it is practically impossible to obtain twin-free states in samples which extend in size substantially beyond the twin thickness observed in bulk samples, i.e. 100 nm. Moreover, from the assessment of all evidences which were compiled above it is concluded, that a two-step microstructural transition is associated with the t-o phase transformation.
